Abstract-The results of changes in liver biochemical parameters (AST, ALT, alkaline phosphatase, total pro tein, urea, and bilirubin) indicating the presence and type of liver injury in lead intoxication and subsequent correction with pectin.
INTRODUCTION
Heavy metals are one of the most widespread fac tors of environmental pollution. It is known that lead is a poison of polytropic behavior, capable of accumu lation in an organism causing a wide spectrum of neg ative effects: lesions of hematopoietic, nervous, diges tive, excretory, and other systems [1, 2] . Nosologies related to liver dysfunction rank in one of the leading positions among occupational diseases [3] . During the last 50 years, ongoing inflow of xenobiotics into the environment resulted in 6 to 8 times increase in amount of registered liver diseases [4, 5] .
The arsenal of medicinal agents applied for treat ment of occupational diseases is represented by regu lators of biotransformational processes in hepatocytes [6] , antioxidants [7] , immunomodulators [8] , and preparations possessing sorptive and detoxicant prop erties [9, 10] . Many preparations are of low efficiency in treatment of chronical liver pathology and not really suitable for long term administration for the preven tive purpose. All these are reasons for the search for new biologically active compounds displaying hepato protective properties [11] . At present, nonstarch polysaccharides like pectins, alginates, carrageenans, fucoidans, and chitosan are considered as one of the promising groups of natural compounds with detoxi cant, sorptive, and moderate antioxidant qualities [12] [13] [14] . Nonstarch polysaccharides have a complex of favorable effects on the human organism deter mined by their ability to bind and excrete exogenic and endogenic toxins from an organism and to reduce manifestations of intoxications of different genesis [15] . Polysaccharides can be applied almost without restrictions without causing appreciable unwanted reactions [16] .
At present, the study of effectiveness of action of pectins of different kinds is of interest, since they are capable to excrete heavy metals from an organism. However, the mechanisms of binding and excretion of xenobiotics with pectins are still not fully understood, which significantly reduces opportunities of their practical application for the purpose of preventive and drug free treatment.
The objective of research is to study blood bio chemical parameters that characterize functional changes in liver under lead acetate action and after correction by beet pectin.
MATERIALS AND METHODS
We used white outbred sexually mature rat males with weight of 180-200 g as an object of study. Ani mals were divided into 3 groups: the first, control, with diet consisting of grain and water; the second, besides common grain diet rats received lead acetate solution (100 mg/mL) during 7, 14, and 21 days; the third, after the corresponding time of being fed with grain and lead, rats received aqueous solution of beet pectin (100 mg/kg per 24 hours) also during 7, 14, and 21 days. The animals were removed from the experiment under ether anesthesia according to the "Rules of Conduct of Works Using Experimental Animals." Blood of rats was material of study. In blood plasma, we evaluated activity of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (AP), content of total protein, urea, and bilirubin using Vital Evropa kits. The intensity of free radical oxida tion (FRO) and total antioxidant activity (AOA) were determined by the chemoluminescent method. Statis tical treatment of results, including correlation analy sis, was conducted by standard methods. Fig. 1 . Dynamics of activity of enzymes ALT, AST, AP, urea content, total protein in blood plasma of rats in lead intoxication. Statistical significance of differences relative to control group: * p < 0.001, ** p < 0.01, *** p < 0.005.
RESULTS
As a result of studies conducted, in the blood plasma of the first group of experimental animals on the standard vivarium diet, the activity of AST, ALT, and AP is 159.07 ± 0.63 units/L, 115.81 ± 0.46 units/L, and 1124 ± 21.24 units/L, respectively. The AST/ALT ratio is 1.37 ± 0.01. The intensity of FRO is 0.09 ± 0.01 imp/sec, with antioxidant activity 32.79 ± 0.35 units/mL. The concentration of total bilirubin in blood plasma of the control group is 1.00 ± 0.24 µmol/L, and that of bound or conjugated biliru bin is 0.32 ± 0.03 µmol/L. The content of total protein in blood plasma of animals is 103.78 ± 1.47 g/L, and that of urea is 9.37 ± 0.47 mmol/L. These values were used as a control, which has some variability within limits of different rat populations.
After administration of lead acetate into organisms of rats (second group), ALT and AST activity in blood plasma increases in direct ratio to the exposure time for rats' organisms and reaches the maximal increase on the 21st day by 36.6% and 51.4% compared to con trol group, respectively. The AST/ALT ratio increases by 10.9%. The noticeable correlation between activi ties of AST and ALT is observed on the 14th day of intoxication with lead acetate (r = 0.83, p < 0.001).
The content of total protein and urea in blood plasma of rats decreases with time of lead intoxication. Thus, in 7 days, the content of total protein decreases by 10.4%, by 20.8% in 14 days, and by 26.1% in 21 days. The content of urea in blood plasma decreases by 19.0% on the seventh day, by 29.2% on the 14th day, and by 34.3% on the 21st day relative to the control values.
In the blood plasma of animals, activity of AP increases by 16.1% on the seventh day, by 26.4% on the 14th day, and by 32.2% on the 21st day relative to the control. The strong negative correlation between AP and content of urea in blood plasma is observed after lead intoxication in 21 days (r = -0.85, p < 0.001) (Fig. 1) . We established that the concentration of both total and bound bilirubin in blood plasma of rats increases relative to the control group of animals ( Fig. 2) . Thus, the concentration of total bilirubin increases 2.1 fold on the seventh day of intoxication, 3.1 fold on the 14th day, and 7.8 fold on the 21st day. The concentration of conjugated bilirubin increases 1.9 fold on the seventh day, 3 fold on the 14th day, and 5.3 fold on the 21st day.
The intensity of free radical oxidation of the lipids of blood plasma also increases. Thus, the intensity increases 1.8 fold already on the seventh day of lead intoxication, 3.1 fold in 14 days, and 3.6 fold in 21 days. AOA thereby decreases by 13.7% in 7 days, by 24.3% in 14 days, and by 56.8% in 21 days relative to the control group. The strong invert correlation between the levels of FRO and AOA on the 14th day of lead acetate exposure is observed (r = -0.88, p < 0.001).
The strong correlation between total bilirubin and the content of total protein in blood plasma of rats is detected on the 14th day after exposure to lead acetate (r = -0.95, p < 0.001). The average positive correlation between the concentration of total bilirubin and AP activity under lead intoxication is elicited in 21 days (r = 0.65, p < 0.001), which indicates that there is a cholestasis (hepatic secretory obstruction).
For a phytogenous detoxicant, we used beet pectin with degree of etherification 34.3 ± 0.60 derived from dry sugar beet press acquired by a technique developed in the Department of Biochemistry, Ogarev Mordovia State University (by N.V. Alba and G.S. Barnashova).
In evaluation of the action studied, we adminis tered the beet pectin to animals in doses indicated above during 7, 14, and 21 days, following which we Vol. 69 No. 2 2014 studied the functional state of the liver (activities of ALT, AST, AP, intensity of FRO, AOA, content of total protein, urea, concentration of total and bound biliru bin in blood plasma; Figs. 3 and 4 ).
In the blood plasma of rats of the third group, which received, after being fed with lead, the pectin aquatic solution in concentration of 100 mg/kg, we observed a decrease in activity of transaminases. On the 14th day, activity of ALT decreases by 14.3% and that of AST by 15.5% (there is a strong correlation relationship with r = 0.76 and p < 0.001). In 21 days, the activity of ALT decreases by 20.5% and AST decreases by 21.9%. The AST/ALT ratio after 21 days is 1.5.
The content of total protein on the seventh day of correction with pectin increases by 8.9%, by 12.5% on the 14th day, and by 15.7% on the 21st day relative to the second experimental group. At the same time, the content of urea increases by 19.9% on the seventh day, by 47.4% on the 14th day, and by 70.9% on the 21st day. The activity of AP decreases with increase in time of rats receiving beet pectin. Thus, after 7 days, the activity of AP decreases by 3.4%, by 6.9% after 14 days, and by 9.3% after 21 days. A strong negative correlation between AP and AOA on the seventh day of correction by pectin is observed (r = -0.9, p < 0.05).
A decrease in inflow of toxic agent into an organ ism during application of beet pectin abruptly decreases the level of FRO in blood plasma of rats and insignificantly increases AOA. Thus, after 21 days, the decrease of FRO by 30.0% is registered with AOA increasing by 42.9%. The concentration of total biliru bin in blood plasma on the seventh day decreases by 14.2% and bound bilirubin decreases by 26.2%. After two weeks of correction by pectin, concentration of total bilirubin decreases by 20.6% and bound decreases by 31.2%. After 21 days, concentration of total bilirubin decreases by 20.65 and bound decreases by 31.2%. After 21 days, concentration of total biliru bin decreases by 21.6% and conjugated decreases by 37.5%.
DISCUSSION
During the exposure of organism of rat to lead ace tate (100 mg/kg), the changes in biochemical param eters in blood plasma, representing functional activity of the liver, which correlate with intoxication time length, take place.
The lead intoxication leads to increase in activity of ALT and AST in blood plasma of rats, which is con nected with violation of integrity of hepatocytes. The significant upregulation of these enzymes, which release from damaged hepatocytes, indicates hepato cellular damage, and also can be linked with chole static processes, since the reverse flow or cholestasis is toxic for hepatocytes.
At the same time, the abrupt increase in the level of the free radical oxidation in the blood plasma, decrease of antioxidant activity and decrease in total protein and urea content are observed. The lead intox ication leads to significant damage to the structure of the liver and causes necrotic changes. It is accompa nied by an increase in activity of transaminases and alkaline phosphatase in blood plasma and also in con centration of bilirubin, indicating liver injury and it's type (hepatocellular damage, cholestasis, and hepatic secretory obstruction). The decrease in total protein and urea in blood plasma during lead intoxication, probably, indicates decreased ability of the liver for amino acids and proteins exchange, resulting in viola tion of processes of desamination or transamination of some amino acids into keto acids and metabolism of others amino acids to urea or ammonia. The increase in AP activity in blood plasma during lead intoxication is accompanied by the dystopy of indicator (cytoplas mic, mitochondrial, lysosomal) enzymes into blood, indicating the violation of structure and functional integrity of lipid membrane bilayer of hepatocytes. High activity of AP can be also observed in infiltrative liver deceases, which is typical for cirrhosis [17] .
After bringing low etherified pectin substances into the diet of the animals, the activity of transami nases decreases noticeably, which indicates a progres sive recovery of protein and enzyme function of liver and a decrease in intoxication. Such a positive dynam ics can be explained by the regenerative ability of the liver at the expense of proliferation of hepatocytes with further almost complete recovery of the structure and functions of the organ [16] .
The blood bilirubin seems to increase because of lowered metabolic capacity and transport of bilirubin into bile by hepatocytes (hepatocellular jaundices related to infectional, toxic hepatitides, and other lesions of the liver) as a result of disruption of their structural integrity. The increase in bilirubin level can be also the result of mechanical defects of bile secre tion (cholestasis) as a consequence of inflammatory, tumorous processes or calculi formation-cholestatic or obstructive, mechanical jaundices (the growth of total bilirubin at the expense of direct or indirect bilirubin).
Beet pectin relates to a group of low etherified pec tins, has a low molecular weight, weak gelatinizing capabilities because of low content of methoxyl groups (3.35%), and high amount of acetyl groups (1.62%).
At the same time, a significant quantity of carboxyl groups (16.8%) results in high ionic exchange capabil ities, which allows us to apply beet pectin in production of therapeutic preparations, particularly as a detoxi cant. Application of pectin for therapy is aimed at the neutralization of action of cations of heavy metals.
Complex formation abilities of pectin substances depend on their degree of etherification, which, in turn, determines the strength and the way of cation association. At a high degree of etherification of pec tin, the free carboxyl groups are significantly distant from each other. At the same time, salts of pectin acid almost completely dissociate. With decrease in degree of etherification, i.e., increasing of amount of free car boxyl groups and the charge of macromolecule, the number of sorbed metal ions and their bond strength with pectin substances increase [18] The most favorable conditions for complex forma tion of pectin with metals are developed in the bowel under pH of medium from 7.1 to 7.6 (alkali medium). The reason for this is that pectins, under increasing of pH deetherify and the more intensive interaction between acid radicals of pectin molecule and ions of metal takes place. The acid medium (with pH 1.8 to 2.0) of the stomach content decreases the capability of high metoxylated pectin to bind radionuclides [17, 18] . Under these conditions, the low metoxylated pectin appeared to be the most active one.
Owing to the ability of low molecular fraction of pectin to infiltrate into blood, conjugated complexes are developed with their following excretion with urine [8] . Getting into gastrointestinal tract (GIT), pectin forms gels. During swelling, the bulk of pectin dehy drates the digestive canal and, moving towards the bowel, captures toxins. The demetoxylation of pectin starts in the segmented intestine and finishes in the appendix. The methanol released in the demetoxyla tion process soaks through the walls of the segmented intestine and metabolizes into formic acid, which is excreted from the organism with urine.
It has been established that unit weight and degree of etherification of pectins regulate their sensibility and activity in complex formation. Pectin absorbs lead acetate stronger than activated carbon. It possesses an active complex formation capability for radioactive cobalt, strontium, caesium, ruthenium and other met als, forming salts of pectin and pectic acids [9, 17] .
The results obtained show that natural polysaccha rides, particularly beet pectin, promote the amplifica tion of liver tissue resistance to harming toxic agents, which is evident both in therapeutic effect and in pre ventive action. The mechanism of action of pectin substances is determined by nonspecific binding of different toxicants, decreasing of natural toxic load on hepatocytes, which facilitates an increase in func tional activity of detoxicative fermentative systems of the liver.
Thus, application of low etherified beet pectin in lead intoxication is reasonable as a therapeutic agent because of its ability to actively bind ions of heavy met als, preventing their suction and following inflow to liver, and also as an antidote, facilitating its repository forms.
